
RADIATION
CALCULATOR*

Example Problems Showing

Use of the General Electric

Radiation Calculator

To save time in the handling of calculations of ra-

diant energy the General Electric Radiation Calculator

GEN - 15B presents energy data in various units as de-

rived from a source temperature that can be set on the

rule in any one of four temperature scales. The basic

functions and formula upon which the Calculator is bas-

ed are presented on the faces of the Calculator. To
best illustrate use of the Radiation Calculator several

sample problems are given below followed by a partial

bibliography of sources of additional information on

radiation calculations.

Example I

The graphite plate of a particular metal-shell vac-

uum tube operates at 500° C. At an emissivity of only

about 0.08 (Handbook of Chemistry and Physics), it

is only eight per cent as good an energy radiator as a

blackbody. If 500° C is set at the index, it is found

that a blackbody radiates 2 watts per square centimeter

while carbon, at its low value of emissivity, radiates

1.6 x 10~ * watts per square centimeter as read opposite

the appropriate emissivity. This radiant energy is ab-

sorbed in the metal envelope of the tube. Assuming a

temperature of 100° C at the metal, we may compute

the energy radiated to the carbon by the metal. In this

case, since the metal is the surrounding, the emissivity

factor of the metal does not enter into the calculation.

With 100° C set at the index the energy reading at the

index is 1.1 x 10—1 watts per square centimeter. By

subtraction it is found that 5.0 x 10—2 watts per square

centimeter is the net radiation retained at the metal en-

velope from plate dissipation.

If a glass envelope is used, the problem becomes

more complex, since a portion of the radiation is

The rule, designated GEN-15B, is printed on vinyl plastic and is
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Schenectady, N.Y.



Example I (Cont'd)

transmitted by the glass. It is then desirable to find

how much of the radiated energy is transmitted. At 2.5

microns, this glass begins to be a poor transmitter of

infrared radiation. On the percentage-increment scale,

2.5 microns for this particular temperature (500° C)

falls at 6 per cent. Thus approximately 6 per cent of

the energy is transmitted by the glass, while 94 per cent

of the energy radiated by the plate is absorbed by the

glass. Since the percentage-increment scale is for black-

body distribution, the percentage of energy transmitted

is only an approximation.

Example II

In another device it is desirable to use a lead-sulfide

photoconductive detector to measure the radiant energy

from a blackbody radiator varying between 1000 and

2000° F. To determine the order of accuracy to be

expected in such an application, the spectral characteris-

tics of the lead-sulfide cell are important. By an

approximation of the published spectral response we

assume that the cell does not respond to wavelengths

longer than 3.3 microns. Then for 1000° F. the percent-

age-increment scale will show that only about 20 per-

cent of the energy from the source is available to the

lead-sulfide cell to be converted into a usable signal.

At 1500° F, reading the percentage-increment scale

again, 40 per cent of the energy is available for signal

at the lead-sulfide cell. At 2000° F, 3.3 microns falls

opposite about 56 percent; thus, 56 percent of the

energy of the blackbody at this temperature is avail-

able for signal at the lead-sulfide cell. Thus an expect-

ed 2:1 variation in signal will occur due to spectral

responsivity exclusive of energy variations due to tem-

perature alone.

Example III

For a filter problem it may be desirable to obtain

the source energy that falls in a wavelength increment.

Suppose for a blackbody source at 1000° K the energy

falling between 1.0 and 1.2 microns is desired. The

maximum, of course, falls at 2.89 microns as seen on

the wavelength scale. The total radiated energy is 5.7

watts per square centimeter. At 1.0 micron, 0.03 per-

cent of the total energy falls below 1 micron and at 1.2

microns, 0.22 percent falls below 1.2 microns. Thus

computing the percents of the energy below these wave-



lengths and subtracting one finds 0.011 watts per square

centimeter between 1.0 and 1.2 microns wavelength.

Using the WK / Wx max (ratio of energy at wavelength

to energy at maximum wavelength) scale for this same

problem it is found that 0.042 of the energy at the max-

imum falls at 1.1 microns. The maximum value is 1.28

watts per square centimeter per micron wavelength incre-

ment; thus for the 0.2 micron filter width, 0.011 watts

per square centimeter pass the filter subject, of course,

to the filter transmission within that band width.

Example IV

Another problem might be the desirability of plot-

ting blackbody curves at some temperature. For a

temperature of 1000° K, set this temperature on the

index. Wk / Wk max values are found above the wave-

length scale from which the curve of spectral emittance

vs. wavelength can be plotted.

Example V

Instead of determining the energy emitted by a

source operating at some temperature it is possible to

get the number of photons per second per unit source

area. For a source at 1000° K set the index again at

this temperature and read 1.55 X 1020 photons per sec-

ond per square centimeter on the proper scale.

The next scale below, gives photon energy in electron

volts for a particular setting of source temperature

which corresponds to the wavelength maximum or any

wavelength within the range of the calculator. The

wavelength is set on the index and the photon energy

is read on that scale.

At the temperature of 1000° K the wavelength max-

imum is 2.89 microns and the photon energy is 0.43

electron volts. For a wavelength of 0.55 microns

(green light) the photon energy is 2.25 electron volts.

Also when working with photoemissive surfaces the

work function of the material might be expressed in

electron volts, e.g. for some photocathode the work

function is 2.0 electron volts. Using the calculator

this corresponds to radiation of 0.62 microns (6200a)

wavelength.

Likewise a simple conversion is available to waves per

centimeter or wave numbers corresponding to some

wavelength.



Example VI

RANGE CALCULATIONS: For a given target it

is possible to compute the energy for a wide range

of distances from the source. Assuming a blackbody

target at temperature 2500° K, the energy radiated by

the target is 2.2 X 102 watts per square centimeter. Us-

ing the range portion of the calculator it is found that

7.0 x 10~ 5 watts per square centimeter is incident on

one square centimeter of surface 1 x 103 centimeters

from one square centimeter target area. At a distance

of 10 nautical miles the radation received would be

2.04 x 10—ll watts per square centimeter.
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